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ABSTRACT: 



A composition contains a major proportion of isotactic polypropylene in intimate admixture with at 
least one per cent by weight of each of at least two rubbery materials. Specified rubbery materials 
are butyl rubber, butadiene rubber (e.g. cts-1 ,4-pofybutadiene), copolymers of butadiene with 
styrene or acrytonitrile, polyisoprene, polyisobutylene, natural rubber, silicone rubber, 
polysulphide rubber, and chlorinated and hydrochlorinated rubbers. The compositions find 
application as boxes, tanksjuggage, automobile and refrigerator parts and as battery boxes. 
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We, The Dow Chemical Company, a 
Corporation organized and grating under the 
Laws of the State of Delaware, United States 
of America, of Midland, County of Midland, 
State of Michigan, United States of America, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is performed, to be 
particularly described in an by the following 
statement!— 

This mvatrion relates to new rnmprvminnQ 
of matter. More particularly, tins invention 
relates to certain blends comprising polypro- 
pylene and rubbery, elastnmetic matwiflla 

Polypropylene is a material winch is highly 
regarded by the plastics industry fox the rea- 
son that it possesses a number of desirable 
qualities, such as relatively low density, good 
flexibility, excellent heat resistance and chem- 
ical inertness toward both aqueous and non- 
aqueous liquids. However, polypropylene has 
been found to be unduly susceptible to fracture 
by mechanical shock, especially at low tem- 
peratures. This deficiency has retarded the 
use of polypropylene in article winch may be 
struck a sharp blow at tempera tares below 
freezing (0°C)> such as large boxes and 
tanks, luggage, automobile and refrigerator 
parts, battery boxes and so forth. 

The present invention provides polypropy- 
lene compositions of improved impart stren- 
gth, especially at low temperatures. It further 
provides polypropylene compositions which 
are economical to prepare and which can be 
fabricated into boxes, luggage, tanks and the 
like, which win have satisfactory resistance to 

fracture from nrwkaniral gfvyfr 

According to the present invention there 
is provided a composition cpT^^ft rng of or 
containing a major proportion of isotactic 
polypropylene in intimate admixture with at 
least one per cent by weight of each of at 
least two rubbery materials as specified here- 
in. The addition and mtimate blending of 



one rubber with polypropylene, while it fre- 
quently produces an increase in the impact 
strength of the polypropylene is often accom- 
panied by certain diffimlripg These difficul- 
ties include the formation of gels in the 
blend and the production of an "mt"p ammmt 
of tackiness. Films extruded from blends -of 
polypropylene and a single rubber have frtp 
found to have rough, textured surfaces. The 
use of two rubbery materials in accordance 
with the present invention substantially avoids 
these difficulties and also make it possible to 
incorporate a greater total quantity of rubber 
in the polypropylene when desired, than would 
be possible when only one rubber is employed 
in the blending Former, the use of two rub- 
bers facilitates obtaining a more mtimate dis- 
persion of the rubber throughout the poly- 
propylene. 

Polypropylene suitable for use in the com- 
positions of this invention is a normally solid 
plastic material having mnlpmlnr weights 
ranging from 5,000 to 500,000, especially 
about 100,00 to about 300,000. The usual 
comniercially available grades which are sub- 
stantially isotacric and suitable for molding, 
extrusion, calrrtdrring and the like shaping 
processes can be used. 

By die terms "rubber," "rubbery material 0 
and "elastomer" and "derivatives thereof" 
which are incorporated with polypropylene in 
the practice of the invention are meant poly- 
meric materials having molecular weights in 
excess of 1000 and may be of natural or 
synthetic origin. The preferred polymers are 
linear in structure and may be saturated or 
unsaturated. These materials are character- 
ized by being elastic and stretchable and by 
showing rapid retraction after release of the 
stretching force. Among the kinds of rubbery 
materials that can be used to form the com- 
position of this invention are polyisobutylene, 
butyl rubber, butadiene rubber, rubbery copo- 
lymers of butadiene and styrene, rubbery copo- 
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lymers of butadiene and acr ylanifrilp , isoprene 
rubber, whether natural such as India rubber 
and para robber or synthetic such as polyiso- 
prene, silicone rubber, porysulfide rubber and 

5 rhlnnnatprf and hyorocMoriDatcd rubbers 
wbfth" ffiarfp from chlorine-am mining mono- 
mers or by after-chmimation or bydrochlann- 
atinn. Butyl rubber, as is known to those 
skilled in the art, is a copolymer of isobotsie 

10 a small amount usually under about 5 
per cent, far example about 2 per cent, of 
a dime such as isoprene or butadiene, and may 
have mnlpoilnr weights ranging from 10,000 
to 2,000,000 or more. BumaTene rubber is the 

15 rubbery homopolymer of butadiene Rubbery 
copolymers of butadiene with styrene, sold 
imrigr the trade name GR-S, usually contain 
at feayf 50 percent butadiene, frequently about 
75 percent butadiene, with the remainder 

20 being styrene. These rubbers are of course 
raw, Le., in the uncured suite. 

The blend of this invention preferably con- 
tains from 60 percent to 98 percent by weight 
of polypropylene, and a total of from 2 per- 

25 rpfit to 40 percent of at least two rubbery mat- 
erials, there being present at least 1 percent 
of each of two rubbery materials. Advantage- 
ously, the blend contains from 75 paced to 
95 percent polypropylene and a total of from 

30 5 percent to 25 percent rubber. 

The compounding of the polypropylene with 
the rubbery materials can be done by malax- 
ing, kneeding, milling or otherwise intimately 
blending fam together in any convenient 

35 order in the desired proportions as by com- 
pounding the materials in an internal mixer 
such as a p^nnnp cjMrurier or a Banbury mirer 
or on an 

pytmai mixer snch as an open-laced 
roll mill to form intimately blended compose 

40 tinn«L 

Throughout the specification, parts and per- 
cenmges are pans and percentages by weight 
unless otherwise specified. The nramplrs 
which follow illustrate the invention but the 
45 invention is not limited thereto. 

Example I 
Eighty pans of polypropylene, 10 parts of 
butyl rubber, and 10 parts of pnlybutadiene 
are pfarrd in a Banbury mixer. The poly- 

50 propylene is an isomeric polymer having a 
innWnlar weight of 200,000 (calculated from 
a specific viscosity of 022 obtained from a 
solution of the polymer in decahydronaph- 
thalene at a temperature of 135°C and at a 

55 concentration of 0.1 gram of the polymer per 
100 milliliters of solvent), a tensile yield stress 
of 340 kg/sq.cm, an elongation of 50 percent 
measured at a crosshead speed of 12.7 cm. 
per minute, a frnfalp modulus of L0 x 10 

60 kg/sq.CHL, a Rockwell 15X hardness of 165, 
a Vicat sof nmiag teniperature of 152°C and 
a melt index of 4.0 The butyl rubber is a 



copolymer of isobutylene with isoprene hav- 
ing an unsaturation of 0.8 mole percent and a 
Mooney viscosity of 50. The polybntadiene 65 
is a stereo-regular homopolymer of butadiene 
(94.5 percent cs-1,4; 5 percent trans-1,4) 
having' a Mooney viscosity of 45. 

The three rnaterials are blended in the 
Banbury under a nitrogen atmosphere mixing 70 
first at low speed The mixing speed is grad- 
ually increased untO die temperature of the 
mixture reaches 190°C The temperature is 
then held between 187°C and 193°C while 
the i pnnng is m n t f n|tp d f ox six more minutes. 75 
The blend thus produced is cut into small 
rfrmtfeg, cooled with dry ice and ground to 
fine granulation. The granules are formed by 
injection molding into test specimen bars and 
tested for impart resistance on an Izod type 80 
cantilever beam apparatus in accordance with 
ASTM D 256-56. Tests are run op both 
notched and unnotched specimens. 

TJnnotched specimens are tested at - 17°C 
and notched specimens are tested at - 17°G 85 
and 24°C The - 17°C tests conform to 
ASTM D 758-48. The inwMitrhfri specimens 
made from the blend of this example do 
not break, The notched specimens have an 
impact strength of 0.086 kgjeoeters/cm. at 90 
-.- 17°C and 0.24 kgjneters/cm. at 24°C 

Example II 
There are placed in a Banbury mixer 80 
parts of polypropylene, 10 parts of butyl 
rubber, both having the characteristics given 95 
for these materials in F-ggmplp I, and 10 
parts of GR-S. The GR-S is a copolymer of 
77 percent butadiene and 23 perc e n t styrene, 
having a Mooney viscosity number of 50. 
A 5 percent solution of the GR-S in styrene ]Q0 
at 25°C has a viscosity of 75 centipoises, and 
5 percent solution of the GR-S in toluene at 
25°C has viscosity of 115 centipoises. These 
materials are frfriwifd, cut, granulated, inMdfd 
and tpyt^d in a rn?n nfr similar to that des- 105 
cribed in Example L Unnotched test speci- 
mens of this polypropylene /dual rubber blend 
do not break at -17°C Notched test speci- 
mens have an Izod Impact Strength of 0.06 
kgjrieters/cm. at - 17°C and 0.19 kg.meters 110 
/an. at 24°C 

Examples m to XII 
Blends are made, molded and tested in a 

marmpr similar tD Examples I and II from 

polypropylene having the properties described 115 
in Examples I and U of butyl rubber, poly- 
butadiene' rubber or GR-S having the prop- 
erties given in Examples I and EL The pro- 
portions of the rnatrriah in the blends are 
given in the Table below along with the test 120 
resuhs. The symbols C,, Cj, Q, and C, de- 
nominate control compositions included in the 
Table for purposes of contrast 
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Table 



- 

Example 


Poly- 
propylene 
(percent) 


Butyl 
Rubber 
(percent) 


Poly- 
butadiene 
(percent) 


GR-S 
(percent) 


Impact Strength 
kg. meters/cm. 
-17° C 


m 


80 




10 


10 


.097 


IV 


82 
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.092 
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84 
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DC 


88 
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.054 
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90 
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XI 


90 


5 
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.038 


xn 


90 
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90 
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The notched Izod impact strength test nm 
at a temperature of 17°C is a particularly 
sensitive test in that an improvement of as 
little as .01 kg^neter/cm. is regarded as sig- 
nificant 

As indicated above, any combination of at 
least two elastomers can be blended with poly- 
propylene to produce the compositions of 
this invention provided there is present at least 
1 percent of each of the two rubbers and the 
rubber content of the blend is preferably be- 
tween 2 and 40 percent based on the com- 
bined weights of the rubber and the poly- 
propylene. For example, a M»gri having char- 
acteristics similar to those of the examples can 
be made from 10 percent GR-S, 80 percent 
polypropylene, of the types used in the exam* 
pies, and 10 percent natural rubber. A blend 
of polypropylene with three or more rubbers 
can be used to obtain the benefits of the inven- 
tion, as for example, a blend of 85 percent 
puypropyiene, 5 percent butyl rubber, 5 per- 
cent polybutadimr rubber and 5 percent of 
a rubbery copolymer of styrene and butadiene. 

The quantities of die two or more elastomers 
used in the blend need not be the same For 
example the blend can contain 1 percen t butyl 



rubber and from 1 percent to 39 percent of 
one or mote other elastomers, for example 20 30 
percent of butadiene rubber. Another mmp}* 
of a composition according to this 
is 65 percent polypropylene, 5 percent buta- 
diene rubber, 10 percent GR-S and 20 per- 
cent natural rubber. 35 

All of the blends of this invention have 
rmproved impact strength over po lypropyl ene 
alone. It has been found further, that the 
Mends of this invention have improved impart 
strength at 17°C than blends of rxnypropy- 40 
lene with a similar total amount of butyl 
rubber alone. With certain blends synergistic 
effects have been noted. For example, blends 
of polypropylene with butyl rubber and poly- 
butadiene rubber have greater impact strength 45 
at — 17°C than do blends of polypropylene 
with similar total amounts of butyl rubber alone 
or pory butadiene rubber alone. Similarly blends 
of poly propylene with GR-S and polybuta- 
diene have higher impact strengths at room 50 
temperature than do blends of polypropylene 
with similar total amounts of either of these 
rubbers blended one at a time 

The blends of the present invention can 
contain additives such as fillers, dyes, pig- 55 



942^63 



prmt^ aimaridants, stabilizers and the hhe 

SOU (*gn 

be fabricated into useful articles by 
conventional fabricating trrimiques mrhrriing 
ipnlrfm^ casting, cahndenng and crtm sicm, 

5 WHAT TO CLAIM IS:— 

L A composition consisting of or contam- 
ing a major proportion of isomeric poJy- 
Ptopyltoe in Tp^m^tf 1 admimxrc with at least 
one percent by weight of each of at least two 

10 rubbery materials as specified herein. 

2* Composition in accordance with Cfofr" 
1 chancttriad in that it contains from 60 
to 98, preferably 75 m 95, percent by weight 
of polypropylene and 2 too 40, preferably 5 

15 to 25, percent by weight of the two rubbery 
materials 

3. Composition in accordance with Claim 
1 ox characterized in that the robbery mat- 
erials' are selected from butyl rubber, butadiene 

20 rubber, rubbery copolymers of butadiene with 
styrene, or polyisoprene. 

4. Composition aocQH^g to Claim 3 char- 
acterized in that it contains at least 1 per- 
cent of each butyl rubber and butadiene 

25 rubber. 

5. Composition according to claim 4 char- 



acterized in that it contains 10 weight per- 
cent of butyl rubber and 10 weight percent 
as - 1,4 - polybntadiene, 

6. pTTijwmfnri according to Claim 3 char- 30 
a cterized in that it contains at least 1 per- 
cent of each of butyl rubber and robbery 
copolymers of butadiene with styrene. 

7. Composition according to Claim 3 char- 
acterized in that it contains at least 1 per- 35 
cent of each of rubbery copolymers of but- 
adiene with styrene and butadiene rubber. 

8. Blends of a major proportion of isotacric 
polypropylene and at least one percent by 
.weight of each of at least two rubbery mat- 40 
friflk as specified herein substantially as here- 
inbefore descrihfrf 

9. Process for jriaVmg polypropylene cum- 
poatkms of i mp roved impact strength sub- 
stantially as hereinbefore described with re- 45 
ference to the specific Examples I to XH 

10. Polypropylene compositinns whenever 
prepared by the process daimed in daim 9. 

BOULT, WADE & TENNANT 
111 & 112, ffg*mn Garden, London, EC1 
Quartered Patent Agents 
Agent for the Applicants. 
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